The conditions which limit the satisfactory operation of a gas burner in its relation to the appliance are briefly discussed in a general way. Definite limits may be determined which show the conditions under which the flames flash back or blow from the ports and those under which combustion is rendered incomplete or " carbonizing" flames are produced. The relationships between these limiting conditions and several of the more important details of design and adjustment of the appliance are shown for the typical case of the top burner of a gas range burning a carbureted water gas of 570 Btu. The effects of the more important possible changes on the efficiency and rapidity with which heat is transferred are also shown, and the most favorable combination of conditions is systematically developed.
Although the use of a burner is rarely restricted to operation with gas of a definite composition, it is useful to know the design which would be the best for each of several such gases in order to determine the design of a burner which is to be used within an approximately f known range of composition and service conditions. This paper gives a detailed description of the method by which the best design for a given gas can be determined. From such a study J it is possible to select the design and adjustment of a burner which will give the most satisfactory performance. Such performance includes a consideration of the efficiency of heating, the time required, and the safety of operation. Another paper now being prepared will contain a report of the results obtained by applying this method of study to each of several gases, such as the three listed above, from which the best design of burner for each can be obtained. Nearly all gas burners employed in domestic appliances are of the Bunsen or -" blue flame" type and are commonly referred to as " atmospheric" burners. These burners are so designed that a portion of the air necessary for complete combustion mixes with the gas before it reaches the burner ports. This is called " primary" air. The additional air required is secured from the atmosphere surrounding the flames, and is termed " secondary" air. As the amount of primary air which mixes with a given amount of gas is increased, a limit is reached above which the flames either blow away from the ports or flash back into the burner, depending upon the gas rate used. Similarly, if the primary air is decreased, a limit is reached below which the color of the tip of the inner flame cone becomes yellow. This results from the formation of finely divided particles of solid carbon which do not burn nearly so readily as the gases from which they are formed. It is assumed in the discussion which follows that the reader is familiar with the fundamentals given in Circular No. 394, but for the reader who does not have access to the circular the necessary steps in designing a burner are again summarized in the approximate order in which they should be taken bv quoting the summary of the circular.
Whether these steps can be followed in the exact order given depends upon which factors are known at the start. The order given assumes that nothing is known at first about the burner and that everything is known about the remainder of the appliance. There are many cases, however, in which some of the necessary characteristics of the burner may be known. For example, the proper size of port and the desired gas rate may be known, and if experience has shown that it is desirable to have a certain port area for this rate, then the number of ports and [Vol. 8 approximately the minimum size of the burner head could be determined from these facts. It is important to give all of the various factors sufficient consideration irrespective of the order in which they are taken. known from experience with a burner of similar form.
9. Having completed a model burner, determine by trial whether its performance is satisfactory within the range of air-shutter adjustment with respect to (1) completeness of combustion at the maximum rate of heat supply with the gas having the greatest requirement of "air for complete combustion," (2) back-firing with the most rapidly burning gas at minimum rate, and (3) In order to determine the conditions under which these three limits occur, the burner was installed so that both the gas rate andthe supply of primary air could be varied at will. It was also essential to have suitable equipment for accurately controlling and measuring the rate of flow of both gas and air for each adjustment. Figure 2 shows the apparatus used for these tests. In Figure It is therefore easy to determine from a study of Figure to the intersection between the curves representing "0 per cent CO"
and the " limit of safe adjustment"). In order to show some of the information which can be gained from data such as are shown in Figure 12 , several examples will be given. The selection of such a time limit is arbitrary and must be decided by the designer from the requirements of his particular problem.
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The relation between efficiency and time is shown in Figure 17 . Figure 18 shows that it is possible with the burner used to obtain much more rapid heating than this at any of the distances shown.
It is necessary to consider efficiencies as well as speed. In Figure 19 the maximum safe efficiency at each gas rate represented in the efficiency diagrams ( In order to allow for such fluctuations of pressure, the American Gas Association requires that the appliance be capable of meeting all of the requirements for safety when it is adjusted to deliver gas at the "normal" rate at one pressure and is then subjected to pressures 50 per cent above and below that for which the adjustment was made.
Not only is it necessary to take practical account of the variations of pressure to which an appliance will be subjected, but it is also necessary to consider the uncertainty whether the primary air will be adjusted with the required accuracy. The problem of making suitable allowances for the effect of these variations which will be encountered in service can probably be most readily understood by considering an example.
Let us assume that the appliance has been adjusted to a gas rate which will permit the transfer of heat to the utensil at the "normal" rate of 2,700 Btu. per hour at the " normal" pressure of 3.5 inches. An inspection of Figure 19 shows that if the burner is placed 1 inch from the utensil an efficiency of 47.2 per cent will be obtainable. Figure 21 . This figure enables one to see at a glance the effect of any variation in pressure conditions on the permissible air adjustment.
Referring to the example discussed above in which the maximum pressure was assumed to be 1.5 times the pressure at normal adjustment, the permissible variations in primary air corresponding to this condition, at the various distances used, are shown by the solid curve marked "1.5." From the same figure it is easy to determine what will be the effect of any inaccuracy in the adjustment of either the gas rate or the air injection by the appliance adjuster. If the gas rate is likely to be set higher than intended by the designer, the effect may be allowed for by considering the pressure required to produce the excess as an increment to be added to the maximum pressure and correspondingly increasing the ratio of the maximum pressure to that at normal adjustment. We may make allowance for the error anticipated in the adjustment of primary air by drawing curves parallel to and within the limiting curves of Figure 21 , at distances from them corresponding to the assumed uncertainty in this operation.
As an example, it will be assumed that the maximum pressure will not exceed the pressure at the time of adjustment by more than 50 per cent. If there is no error in adjustment, the limit of safe adjustment would be within the solid curve marked "1.5" in Figure 21 . Effect of variations in gas pressure and uncertainties in the adjustment of both gas rate and primary air on the safe range of primary air adjustment and the safe distance between burner and utensil Probably the most common practice in the adjustment of appliances is for the adjuster merely to set what appears to his practiced eye to be a "good flame," with respect to the quantities of both gas and primary air. The adjustment is made without measurements of any land; and much worse than this, it is usually made to give the desired result at the pressure which exists when the adjustment is made, without accurate knowledge or consideration of changes of pressure which will take place subsequently. In some cases adjusters are required to make an accurate adjustment of the gas supply to the manufacturer's rating by timing the meter; but this precaution is of little use when the adjuster is working, for example, in the middle of a July afternoon and has no idea whether the pressure on a January morning in that locality is likely to be greater or less than that observed. [Vol. 8 In most cases a gas company endeavors to maintain a pressure which will not vary at any one place by more than 100 per cent of the minimum. Although in many cases it does not succeed in this, the extremes of pressure (both high and low, depending on the distance from the source of supply) usually come during the periods of the morning and evening cooking load. If these periods are avoided when making adjustments, as will usually be the case, it is reasonably safe to assume that the pressure to which the appliance will be subjected after adjustment will not be more than double that at the time of adjustment (R is not greater than 2). If the adjusters are not instructed to determine the gas rate accurately by means of the meter, a probable error in the estimated rate of at least 10 per cent should be allowed for. This corresponds to about 20 per cent differ- The analysis of gases by the " thermal-conductivity method' is based on the following principle: Assume a wire to be surrounded by a gas which is contained in a chamber the walls of which are maintained at a constant temperature. When a source of constant electromotive force is applied to the wire its temperature rises above that of the walls until a steady state is reached in which the rate of heat transfer from the wire to the walls is equal to the rate at which heat is generated by the current in the wire. The energy is dissipated by radiation, by conduction through the connections to the ends of the wire, by currents of gas circulating in the atmosphere surrounding the wire, and by conduction through the gas. Some heat is also carried away by the current of gas in case there is a flow of gas past the wire. The sample can now be delivered to the thermal conductivity cells by opening the air valve E and line cock C. Stopcock B is in either the "up " or " down " position. With this arrangement, atmospheric pressure is exerted on the surface of the mercury in the reservoir, thus forcing the gas sample out through tube 6, stopcocks C and B, and into the cells. With stopcock B in the "up" position, the gas enters the left-hand cell of the carbon-monoxide unit, passes through the combustion furnace, into the right-hand cell, and is discharged from the analysis cell of the carbon-dioxide unit. In the down position, it enters the right-hand cell first and is discharged as before. The apparatus used for obtaining the various adjustments of gas and primary air, as well as the arrangement for making efficiency tests, sampling the products of combustion, and the mixture of air and gas within the burner head is shown in Figure 29 . The gas after being metered passes through a pressure regulator by means of which it is possible to obtain at the orifice any pressure desired up to the maximum on the line. From the regulator the gas goes through a control valve of the gate type, which is used to obtain a rough pressure setting, the final setting being made by means of the regulator.
A plug cock following the control valve permits the gas to be turned off suddenly without changing the adjustment of the control valve and is particularly useful during flash-back determinations. When the flame flashes back into the burner, the gas must be immediately shut off in order to extinguish the gas which will then be burning at 10 Incomplete combustion results in this case from insufficient secondary air or the loss of heat from the flame before reaction is completed. 
